A Japanese domestic middle-soft flour (Hokusin) was mixed with an extra strong (ES) flour (Wildcat) and examined to evaluate its quality for bread-making. The results were as follows: (1) The properties of the dough of the mixed flour such as the mixing, physical and gas retention properties were similar to the commercial foreign hard flour called Camellia.
Although more than one million tons of flour is used for bread-making every year in Japan, most of it is imported from foreign countries. A little flour for bread-making is produced in Japan itself, but recently the quantity has been less than ten thousand tons. The majority of Japanese flours are moderately soft because they are used to make Udon, a Japanese wheat noodle. The climate of the country is not believed to be suitable for the cultivation of wheat for bread-making and there are few wheat cultivars with good bread-making properties in Japan.
However, consumer requests for bread produced using domestic flour has greatly strengthened recently. Although the breeding of a variety of suitable types of wheat for the Japan climate is now advanced, a stable supply of domestic flour for bread-making use is still a long time away. We therefore attempted to improve the baking quality of domestic middle-soft flour by blending extra strong (ES) flour (Wildcat) with a medium-soft flour (Hokushin) now being produced stably in Japan. When mediumsoft flours are used for bread-making, the baking quality is considerably inferior to that of foreign flour. The protein content of the middle-soft flour from the wheat cultivar (Hokushin) can be raised considerably by devising cultivation conditions and nitrogenous fertilizer level. However, it is difficult to change the quality (gluten strength) of the protein, and the baking quality of Hokushin with high protein content is much inferior to that of commercial flour for bread. Nonetheless, it is clear that the poor qualities of domestic flour, such as specific loaf volume, crumb grain, bread aspect, and physical properties of the dough, can be improved by adding ES flour that has a powerful gluten to make a blend Yamauchi et al., 1999b) .
In the meantime, other countries are evaluating the qualities of blended flours about various bread wheats as they seek to improve stability and general baking quality (Morris, 1992; Bushuk, 1980) . However, no research has been conducted on flours blended with flour except of bread flour and the staling of the bread from the blended flours, which has the potential to be a serious problem.
Breads were made from commercial foreign hard flour and certain blended flours using a no-time bread-making method. Our analyses were carried out primarily to seek improvements in the quality of bread made from domestic flour blended with ES flour. Subsequently, the staling characteristics of the bread made from blended flours were analyzed by kinetic analysis (Yamauchi et al., 1993; Yamauchi et al., 1994) . In this study, the staling is expressed by the changes in hardness during storage, and the staling rate is discussed in relation to the staling rate constant.
Materials and Methods
Preparation of trial flours Hokushin and Wildcat were cultivated at the Hokkaido National Agricultural Experiment Station in the Memuro test field in 1998. Flours of 60% extraction rate (flours) were obtained from the test mill of Bühler Inc., Uzwil, Switzerland. The commercial foreign hard flour, Camellia, was purchased from the Nisshin Flour Milling Co., Ltd., Tokyo.
Properties of flours The protein content of flours was measured using a near-infrared reflectance instrument (Inframatic 8120, PerCon Co., Hamburg, Germany). Ash content was measured according to the American Association of Cereal Chemists (AACC) method (1991a). The SDS sedimentation value (SV) of flours was measured using 2.5 g of flour according to E-mail: yamauti@mmr.affrc.go.jp the method developed by Takata et al. (1999b) , which had been modified from the technique largely developed by Axford et al. (1979) . The swelling SDS-sedimentation volume was measured at 24 h after the ordinary procedure of the SDS-sedimentation test. Swollen samples left for 24 h in a cylinder were inverted ten times, and the sedimentation volume was read after 40 min. The absorbed water of flours was measured with a Farinograph (Brabender, Inc., Duisburg, Germany) that requires the use of small mixing bowls according to the AACC method (1991b). The gelatinization characteristics of flours, peak viscosity, minimum viscosity and breakdown, were measured using a rapid viscoanalyzer (RVA) following the method developed by Watanabe and Suzuki (1991) .
Properties of doughs The patterns of the mixer's motor current during mixing of the dough were measured by the method developed by Takata et al. (2000) . These current patterns were evaluated using a modified 100-200 g Swanson head pin type mixer (National Mfg., Lincoln, USA) at a rotation of 150 rpm/ min. The current of the motor during the mixing of dough was recorded by a current meter. The breaking force of the dough was measured using 10 g dough after bench time again employing the method of Takata et al. (2000) . Three 10 g samples of dough were formed into 7 cmϫ2.5 cm after twice sheeting through 2.49 mm rolls, and then they were stretched at a speed of 5 mm/s with a plunger (P-21) by REHONER (model RE33005, Yamaden Co., Ltd., Tokyo). The breaking force (N) was shown at the breaking point of dough. The data were shown as the mean value of the measured value of three samples. The vacuum expansion of doughs (their gas retention) was measured by the method developed by Yamauchi et al. (2000) , which requires the use of 20 g of dough following proofing. Gas retention was evaluated by measuring the maximum volume of dough in a cylinder under low pressure. The data were shown as the mean value of the measured value of two samples.
Tests for bread-making and evaluation of the breads The tests for bread-making were carried out by the no-time method used in standard white bread production according to the following formula: 200 g of flour, 10 g of sugar, 10 g of shortening, 4 g of salt, 4 g of yeast, 100 ppm of ascorbic acid, and a suitable quantity of water . Doughs were mixed to just beyond peak development, as indicated by the current curve, on the modified mixer described above. The dough was divided into two 100 g pieces, rounded, and rested for 20 min in a fermentation cabinet. The pieces were panned and proofed at 38˚C for 70 min, then baked at 200˚C for 25 min. The color (L * , a * , b * ) of bread crumbs was measured using a spectral diffraction colorimeter (CM-202, Minolta Co., Ltd., Tokyo). The six surfaces of crumbs of one-loaf bread sliced at 2 cm were used to measure the color of the crumbs. The data were the mean value from the six measurements. One loaf of each bread baked from 100 g of dough was evaluated for staling characteristics by measuring the hardness of the crumb using the method developed by Yamauchi et al. (1999a) . One-loaf breads were sliced 2 cm thick. The center of crumbs was cut in square ( 3 cmϫ3 cm) and were stored in an aluminum laminate bag at 20˚C for about 5 days. Crumb hardness was measured by compressing the cut crumb of 2 cm size to 1 cm. The evaluation for staleness began at the time when the bread crust was cut, and measurement of hardness was carried out at intervals of about one day. The limiting value of crumb hardness (the highest possible value) was determined from the hardness of the cut crumbs stored at 4.7˚C for 10 days as reported by Axford et al. (1968) . The staling rate constant (SRC) of breads and retrogradation rate constant (RRC) of starch in the breads were obtained by the methods developed by Yamauchi et al. (1999a) . The former constant was determined using the equation: ln(H L ϪH 0 /H L ϪH t ) = k t . H 0 and H t are the hardness of cut crumbs at time zero and t, respectively. H L , k and t are the limiting value of hardness, SRC, and storage time, respectively. The latter constant (RRC) was decided by substituting gelatinization enthalpy (⌬H) for breads for the above equation into the term for the hardness. The ⌬H for breads by differential scanning calorimetry (DSC) and X-ray diffraction patterns of breads during storage were measured using dehydrated crumb samples as reported by Yamauchi et al. (1992) . Briefly, samples were dehydrated with 99.5% ethanol and absolute diethyl ether. ⌬H of the dehydrated sample (20 mg) containing distilled water (40 mg) was measured using a DSC 6000 (Seiko Electronics, Tokyo) programmed at a heating rate of 1˚C/min from 30 to 130˚C. The average of two measurements was used in the data of ⌬H. X-ray diffraction patterns were taken with a Xray diffractometer (RAD-2A, Rigaku, Tokyo) under the following conditions: target, Cu; voltage, 40 kV; current, 30 mA; step width, 0.02˚; emission slit, 1˚; light reception slit, 0.6 mm. The dehydrated samples were conditioned at 75% relative humidity for a day before taking the X-ray diffraction patterns. The specific loaf volume (SLV) was measured by the rapeseed replacement method by using bread left at room temperature for one hour after baking. The water content of the breads was measured using bread crumbs dried for three hours at 135˚C. The SLV and water content of the bread were shown as the mean value of two measured samples.
Results and Discussion
Properties of trial flours The estimated results of flours used for this experiment are shown in Table 1 . The protein and ash contents of Wildcat, an ES flour, were higher than those of Camellia. The SV of Wildcat was very high, while the absorbed water of Wildcat was somewhat lower than that of Camellia. The gelatinization characteristics of Wildcat by RVA were similar to those of Camellia. Both showed typical properties of the hard wheat flour, a little small peak viscosity and breakdown. Hokushin had an equal amount of protein as Camellia, a slightly higher ash content, and considerably lower SV and absorbed water. The gelatinization characterisitics by RVA of Hokushin showed typical properties of a domestic medium-soft flour, large peak viscosity and breakdown (Oda et al., 1980) . The blended flours obtained by mixing Hokushin with Wildcat had reasonably medium properties of the two kinds of flours discussed pre-viously.
Trial flour dough: mixing peak time, physical properties, and gas retention The patterns of current of the mixing motor of the trial flour's doughs are shown in Fig.1 . The mixing peak time of Wildcat was much longer than that of Camellia, because Wildcat formed a resistant gluten which required a long time for the mixing. Because it had weak gluten, the mixing peak time for Hokushin was very short. However, when Wildcat was blended with Hokushin at a ratio above 50%, the mixing peak time was longer than that of Camellia. The breaking force of the doughs is shown in Fig. 2 . Since Wildcat formed very strong gluten, the breaking force of the dough was much higher than that for Camellia, while the value of Hokushin was rather low. However, when a blend of Wildcat above 25% was used, the value of the breaking force was almost the same or higher than that for Camellia. The vacuum expansion (gas retention) of the doughs from various flours is shown in Fig. 3 . The vacuum expansion of Wildcat dough was very higher and that of Hokushin dough was considerably lower than that of Camellia. The gas retention was improved when the blended amount of Wildcat was increased, and had a nearly equal value to Camellia when blended at 25%.
Baking quality of the various flours The SLV and crumb grain of breads made from various flours are shown in Figs. 4 and 5. The SLV of Wildcat bread was bigger than that of Camellia. When the ES flour was properly mixed, it was capable of producing bread with a large SLV. Though the SLV of Hokushin bread was greatly inferior to Camellia, it was improved by using a Wildcat blend. With more than 25%, the SLV was nearly the same or greater than that of Camellia. The crumb grain was improved remarkably as a result of blending Wildcat with Hokushin, as can be seen in Fig. 5 .
Bread crumb color The results from examinations of the color of bread crumbs are shown in Table 2 . Hokushin bread appeared somewhat dusty, because the lightness L * and b * of the crumb grain were a little lower and higher than that of Camellia, respectively. The color of the crumbs from blended flours was also inferior to that of Camellia because the color of both of flours used was inferior. The color of the crumbs from the blended flour with a higher percentage of Hokushin tended, especially, to become dusty color. However, since a slightly decrease of brightness of the crumb color from the Wildcat blend above 50% was acceptable, there was felt to be no substantial problem using domestic wheat flour for bread-making.
Staling, hardness values, and SRC The staling, hardness values, and SRC of the breads during storage are shown in Fig. 6 and Table 3 . The staling of the bread from Hokushin was much greater than that of Camellia, while that from 50% Wildcat blend showed a value midway between Camellia and Hokushin. The SRC of Hokushin bread was greater than that of Camellia, and those from 50% Wildcat blend and 100% Wildcat were slightly larger. The H L ϪH 0 value of Hokushin bread was very large, while those of 50% Wildcat blend and 100% Wildcat were slightly smaller than Camellia. From these results, the rapid staling of Hokushin bread seemed to be caused by both the high value of H L ϪH 0 and the big SRC. The large value of H L ϪH 0 of this bread seems to particularly contribute to the fast staling. Because, Hokushin bread showed very large H L ϪH 0 as shown in Table 3 . Yamauchi et al. (1994) reported that the large value of the H L ϪH 0 of bread was correlated to small SLV and a bad crumb grain. From these facts, the large value of the H L ϪH 0 of Hoku- shin bread seemed to be the main cause of its quick staling, corresponding to small SLV and bad crumb grain. Retrogradation of starch in breads and RRC The changes of ⌬H by DSC and X-ray diffraction patterns during storage were measured on the four kinds of bread to determine how the retrogradation of the starch of the bread from the blends made with ES flour differs from that of Camellia bread. These results are shown in Figs. 7 and 8. No large difference in the changes of ⌬H was observed among the four in Fig.7 , nor were there large differences in changes of the representative peaks of the starch (2, around 17˚) in the X-ray diffraction patterns among the four kinds of bread (only the data of breads from Hokushin and Camellia are shown). Therefore, it seemed that the four kinds of bread did not show large differences in the retrogradation of starch. However, the RRC of ⌬H of the bread from Hokushin was somewhat larger than that of Camellia as shown in Table 4 . Those of the breads from 50% Wildcat blend and 100% Wildcat were a little larger than that of Camellia corresponding to the somewhat large SRC. These SRC of the breads from 50% Wildcat blend and 100% Wildcat seemed to relate to the rather larger RRC of starch in those breads than that of Camellia. Since Yamauchi et al. (1994) reported an adequate correlation between RRC and SRC, and the H L ϪH 0 of these breads which seemed to be another large factor of bread staling (Yamauchi et al., 1994) showed slightly smaller values than Camellia, the rather fast staling of the breads from 50% Wildcat blend and 100% Wildcat seemed to be mainly caused by SRC with a somewhat large value as a result of a slightly large RRC. Absorbed water and water content of the breads The absorbed water of various flours during bread-making and the water content of the breads are shown in Table 5 . The absorbed water of Hokushin and 50% Wildcat blend was considerably less than that of Camellia, and that of Wildcat was also a little lower than that of Camellia. The water content of the breads from these 7.76 10.07 8.21 7.57 Difference between H L and H 0 (H L ϪH 0 , N/m 2 ϫ10 3 ) 6 . 2 2 8 .15 5.61 5.79 a) k was determined from data of bread's hardness shown in Fig. 6 . b) H L was measured by using breads after 10 days storage at 4.7˚C Table 4 . The retrogradation rate constants of starch in breads from various flours.
Camellia
Hokushin Hokushin 50% Wildcat 50% Wildcat 1.63 1.84 1.73 1.71 The above constants (h Ϫ1 ϫ10 Ϫ2 ) were determined from data of ⌬H shown in Fig. 7 . flours was also slightly lower than that of Camellia. Generally, the retrogradation rate of the starch in bread with around 40% water content increases with decrease in the moisture content (Zeleznak et al., 1986) . Actually, the values of the SRC and the RRC in the bread with low water content were large, as the results in Tables 3 and 4 showed. These results seemed to indicate that the high staling rates of Hokushin, Wildcat blend, and Wildcat breads in comparison to Camellia bread were mainly due to the low water content of these breads due to the low absorbed water of the flours.
